Abstract The study was carried out to produce and characterize a low-calorie orange nectar using response surface methodology (RSM). To optimize the formulation, three different levels of independent variables; sugar, stevioside and pectin and two responses of Brix and viscosity were selected. In the optimum formulation, sugar content reduced to 70 % (compared to control sample) using stevioside and pectin with maximum levels of 0.06 and 0.03 %, respectively. Physicochemical properties of optimal and control samples were determined at refrigerated (4°C) and ambient (25°C) temperatures for 2 months. At refrigerator, the reduction rate for stevioside was 5 % while a decrease of 18 % was observed at ambient temperature. The vitamin C content in low-calorie orange nactar was 13.4 % higher than control sample at both temperatures. Thus the production of low-calorie orange nectar using stevioside could be industrially feasible and recommended to people who looking for dietetic foods.
Introduction
Orange juice is popular beverage in all part of the world, as it is rich in ascorbic acid, carotenoids, flavonoids, phenylpropanoids, potassium and folic acid. Its consumption reduces the risk of free-radical attack to body tissues and also decreases outbreak of cancer and cardiovascular diseases (Ashurst 1995; Vieira et al. 2010) .
Changing human life style to reduced levels of physical activities and increased consumption of high-calorie food products, threats human healthiness. Therefore, much attention is attracted on production and consumption of low-calorie products (Garcia-Noguera et al. 2010) . The easiest method to reduce food calorie is sugar (sucrose) replacement with lowcalorie sweeteners (Cardoso and André Bolini 2008) . Noncaloric sweeteners such as saccharin, cyclamate, aspartame, acesulfame K and sucralose are widely used for production of low-calorie foods (Ferrer and Thurman 2010) . Due to their harmful effects to the health, much attention is attracted to the application of plant-derived sweeteners such as stevioside (Kim and Kinghorn 2002) . Stevia (Stevia rebaudiana, Bertoni) discovered by Moises Bertoni in 1899, is native of Paraguay (Ibrahim et al. 2008; Madan et al. 2010) . Stevia is a small shrub belongs to Asteraceae family (Kim and Kinghorn 2002) . The eight diterpene glycosides are responsible for sweetness taste of stevia leaves that contains stevioside, dulcoside A, steviolbioside, rebaudioside A, B, C, D and E (Bovanová et al. 1998) . Stevioside is the most important of these diterpene glycosides with three glucose molecules in its structure. It is a white and crystalline powder and approximately 300 times sweeter than sucrose. The body cannot metabolize stevioside, so its caloric intake is zero (Geuns 2003) .
The ideal sweetness in beverages prepared with instant coffee was determined using different sweeteners; sucrose, sucralose, stevia, aspartame, acesulfame K and cyclamate/ saccharin (2:1) blend. Moreas and André Bolini (2010) ). This study was also conducted on peach nectar and reported that 0.1 % of stevia can be equi-sweet to 10 % sucrose (Cardoso and André Bolini 2007) . Parpinello et al. (2001) observed a calorie reduction of 25 % in peach juice by replacement of 34 g/L sucrose with 160 mg/L stevioside without affecting the sensory characteristics of the product.
The objectives of this study were to optimize the formulation of low-calorie orange nectar using stevioside by response surface methodology (RSM) and to evaluate its physicochemical properties during storage period at refrigerated (4°C) and ambient (25°C) temperatures.
Material and methods

Raw materials
Orange concentrate was obtained from Urmia Shahdab Co. (Urmia city). Stevioside powder (purity, 85-95 %) was purchased from Isfahan Chocolate Co. (Isfahan city). High methoxyl pectin was obtained from Majid Co. (Ahvaz city). Folin-Ciocalteu reagent, methanol, gallic acid were purchased from Merck Co. (Germany).
Formulation optimization
To prepare orange juice, orange concentrate (70 Brix) was first diluted with water to 13 Brix. The orange nectar was formulated with 60 % orange juice and 40 % sugar syrup (water containing 13 % sucrose). To produce low-calorie nectar, three parameters of sugar, stevioside and pectin content of nectar at three levels were evaluated using RSM (the parameters levels were selected according to similar previous studies). Eighteen formulations were prepared according to D-optimal design and their viscosity and Brix were measured as responses (Table 1) . Viscosity was measured by ubbelohde viscometer (Fischer, USA) and Brix was determined by measurement of the refractive index with digital refractometer (DR201-95, Kruss, Germany) at 20°C (Sánchez-Moreno et al. 2003) .
Physicochemical properties of orange nectar
The optimized formula along with control orange nectar (containing sugar and without stevioside and pectin) were prepared, pasteurized at 80°C for 2 min (Cinquanta et al. 2010) , bottled in PET bottles and stored at refrigerated (4°C) and ambient (25°C) temperatures for 60 days. The changes in their physicochemical properties were evaluated during storage.
Sugar content
A high-performance liquid chromatography (HPLC) system (Shimadzu, Japan) equipped with a refractive index detector was used for sugar analysis. The HPLC column was SCR-101N (30 cm×9.7 mm i.d) fitted with a guard column SCR (N) (5 cm×4 mm i.d). The mobile phase was deionized water at a flow rate of 0.7 ml/min and 60°C (Kelebek et al. 2009 ).
Stevioside content
For stevioside measurement, a HPLC system with C18-ODS column (25 cm×4.6 mm i.d) and UV detector (SPD-6AV) was used. Methanol 68 % (at flow rate of 1 ml/min) was used as mobile phase at 25°C. Stevioside was detected at 210 nm (Bovanová et al. 1998 ).
Total phenolic content
Total phenolic content was determined by spectrophotometer using Folin-Ciocalteu reagent. The sample (0.5 ml) was mixed with the reagent, 1:10 diluted with distilled water, (5 ml) and aqueous Na 2 CO 3 (4 ml, 1 M). The mixture was allowed to stand for 15 min and the total phenolics were determined at 765 nm and calculated as mg gallic acid in liter (Pourmorad et al. 2006 ).
Turbidity
The samples were first centrifuged at 1500 rpm for 10 min and then the turbidity was measured by absorbance reading at 660 nm (Rivas et al. 2006 ).
Viscosity
An Ubbelohde viscometer (Fisher, USA) was used for viscosity measurement. Viscosity was determined at 25°C and was expressed in centipoise (cp) (Karangwa et al. 2010 ).
Vitamin C Vitamin C (ascorbic acid) content was measured based on the ability of ascorbic acid to reduce 2-6 dichloroindophenol indicator according to the AOAC method 967.21 (AOAC 1995) .
Titratable acidity
Ten grams sample was diluted with 100 ml distilled water. The acidity was determined by titration with 0.1N NaOH to pH 8.1 (Sánchez-Moreno et al. 2003) . 
Statistical analysis
A statistical method of D-optimal was applied to optimize orange nectar formulation using response surface methodology (RSM). The data were analyzed by Design Expert version 7.1.6 (Stat-Ease Inc., Minneapolis, MN) software. During storage, the results were analyzed using split-plot in time according to completely randomized design. The experiments were carried out in triplicate and the data analyzed using SAS software (version 9.1.3). The least significant difference (LSD) was performed to evaluate means at significance level of 99 %.
Results and discussion
Model evaluation
The effect of three independent variables; sugar (X 1 ), stevioside (X 2 ) and pectin (X 3 ) content on dependent variables of viscosity and Brix were evaluated employing RSM. The linear model was selected as the best-fitting model having insignificant lack of fit and reasonable agreement between adjusted and predicted R-squared. The high value of R 2 and low standard deviation (SD) showed a close agreement between the experimental results and the theoretical data predicted by the model (Table 2 ). This evaluation confirmed the accuracy and fitness of the model.
The significance of each coefficient was determined by P value. The P value less than 0.05 indicated that among the test factors in the study, model terms of X 1 (sugar) and X 3 (pectin) in viscosity and X 1 (sugar) in Brix were significant variables (Table 3 ). The coefficients of the test factors for viscosity and Brix responses were given as equations below:
Viscosity ¼ 1:304158 þ 0:00367 X 1 þ 10:54998 X 3 ð1Þ Brix ¼ 7:79478 þ 0:051124 X 1 ð2Þ Figure 1 denotes the response surfaces of nectar viscosity as a function of pectin/stevioside, pectin/sugar and stevioside/sugar content. The changes in stevioside content from 0.02 to 0.06 % did not have significant effect on viscosity while the highest viscosity obtained in high content of sugar (80 %) and pectin (0.04 %). The response surfaces regarding the effect of sugar/ pectin and sugar/ stevioside content on Brix are shown in Fig. 2 . There was no significant interaction between stevioside and pectin content. Based on the response surface plots, as the amount of sugar increased, nectar Brix also increased and the highest Brix was found at 80 % sugar. Formulation optimization
In this study, a formulation of low-calorie orange nectar with the highest viscosity and Brix considered as an optimum product. The optimum concentration of independent variables was predicted by numerical and graphical optimization procedures. For the graphical interpretation and visualizing the relationship between variables and responses, three-dimensional (3D) response surface plotting was used. From the multiple response optimizations, the overall optimum region was achieved by a combined content of 30 % sugar (of total sugar in blank sample), 0.06 % stevioside and 0.03 % pectin.
Physicochemical properties of low-calorie orange nectar during storage
Change in titratable acidity
The acidity is one of the physico-chemical properties, which affects both organoleptic and quality of a product (Hussain et al. 2011) . In this study it was observed that titratable acidity increased 23.1 and 33.9 % for blank sample (BS) and 22.1 and 32.6 % for low-sugar nectar (LSN) during 2-month storage at both refrigerated and room temperatures, respectively (Table 4 ). This increment during storage might be due to the pectin degradation to pectinic acid or sugar fermentation (Ayub et al. 2010; Supraditareporn and Pinthong 2007) . Hussain et al. (2011) also reported increase in the acidity of apple and apricot blend juice during 90 days storage.
Changes in sugar content
The changes in content of sucrose, glucose and fructose are shown in Table 5 . Immidiately after preparation, the predominant sugar was sucrose (5.8) followed by glucose (2.4) and fructose (2.4 %) in low LSN while in BS, the content of sucrose, glucose and fructose was 9.3, 2.7 and 2.7 %, respectively. Storage time and temperature had significant effect on the amounts of sugars. At refrigerated temperature, sucrose content was decreased from 9.3 to 9.1 and 5.8 to 5.4 g/100 g in BS and LSN, respectively. This reduction was great at 25°C in which the content was reduced to 7.7 and 3.9 % in BS and LSN, respectively. On the contrary, the content of fructose and glucose was increased during storage as this increment was higher at ambient temperature. The sucrose in juices might be hydrolyzed and converted to its monosaccharides (glucose and fructose) during storage. This conversion can be accelerated at high temperature (Yousaf et al. 2009 ). Wang et al. (2006) reported that after 150-day storage of carrot juice concentrate at 25 and 37°C, amount of sucrose was decreased while the glucose and fructose content was increased. The decrease in sucrose was attributed to the sucrose inversion into glocuse and fructose at higher temperature. Similar data was given by Yousaf et al. (2009) for clarified banana juice fortified with inulin and oligofructose stored for 8 weeks at 4, 25 and 35°C. The sucrose content of samples stored at 4°C decreased due to the hydrolysis of sucrose, whereas samples stored at 25 and 35°C showed a slight increase in sucrose contents because of hydrolysis of inulin and oligofructose. Sandi et al. (2004) studied on yellow passion fruit juice that stored at room temperature (25±5°C) and refrigeration (5±1°C) for 120-day. They found the concentration of reducing sugars (fructose and glucose) increased over time while that of sucrose decreased. The increase in the reducing sugars concentration was reported higher in the juices kept at room temperature. The findings showed that sucrose reduction in BS was lower than that of LSN (at both temperatures) which might be due to the partly high acidity of low-calorie sample (Table 4) .
Changes in stevioside content
The stevioside content was 0.06 % in LSN immediately after production. Similar to sugars, storage time and temperature were effective on stevioside content and its concentration reduced over 60-day storage. This reduction was 5 % at refrigerator while a decrease of 18 % was observed at ambient temperature (Table 5) . Acidic pH of orange nectar (≈3.3) might be the reason why stevioside was degraded at ambient temperature over storage. Wolwer-Rieck et al. (2010) studied the stability of stevioside and rebaudioside A in nonalcoholic drinks. They discovered after 72 h storage of soft drinks at 80°C, the highest degradation of stevioside (71 %) was observed in the caffeinated lemonade (pH = 2.4) whereas in energy drink (pH = 3.5) stevioside was decomposed to only 27 %.
Changes in total phenolic content (TPC)
Fruits and vegetables are known as rich sources of polyphenols which have positive health effects on human body (Piljac-Žegarac et al. 2009 ). Fresh BS and LSN contained about 546 and 540 ppm TPC, respectively (Fig. 3) . The storage time showed a significant effect on phenolic content of products as TPC increased in BS (from 545 to 631 ppm) and LSN (from 540 to 588 ppm) until 40th day and after that reduced to 564 and 581 ppm, respectively at 4°C (Fig. 3) . It is possible that during storage, some compounds were formed that reacted with the Folin-ciocalteu reagent and significantly enhanced the phenolic compounds (PiljacŽegarac et al. 2009 ). The decrease of polyphenols at the end of storage might be due to the oxidative degradation of phenolic compounds and their polymerization reaction with proteins (Cao et al. 2012 
Changes in turbidity
One of the most important physical characteristics of orange juice is its tubidity and the main purpose of any preservation treatment in citrus juice is reduction of PME activity, which is responsible for loss of turbidity (Rivas et al. 2006) . Turbid fruit juices are complex systems containing fine pulp particles dispersed in serum composed of macromolecules (pectins, Table 4 The content of titratable acidity (g citric acid /100 ml) in blank and optimal samples during storage Values with different letters (capital letters in each column and minuscule letters in each row) represent significant difference at the confidence level of 99 % Table 5 The content of stevioside, glucose, fructose and sucrose (g/100 g) in blank and optimal samples during storage Values with different letters (capital letters in each column and minuscule letters in each row) represent significant difference at the confidence level of 99 % proteins, etc.) colloidally dissolved in a true solution of lowmolecular weight components (sugars, organic acids, etc.) (Hsieh and ko 2008) . At first day, turbidity of BS (0.38) was lower than value of LSN (0.59) which was due to the presence of pectin in formulation of low-calorie juice (Fig. 4) . Storage time was significantly effective on turbidity as it decreased about 24 and 14 % for BS and LSN, respectively at 4°C. The higher reduction (about 34 and 24 %) was observed for BS and LSN, respectively at ambient temperature. Pectin methylesterases (PMEs) are natural cell wall enzymes in citrus juices. PMEs have high heat resistance and become inactive at higher temperature than microorganisms inactivation. After the pasteurization, about 10 % of these enzymes are active and the remaining PME activity could cause the removal of the methoxy groups of pectins producing free carboxylic radicals. Divalent cations could cross-link different pectin chains through free carboxylic groups giving macropolymers and leads to decreases of turbidity during the storage (Gómez et al. 2011 ). This observation was in accordance with Gómez et al. (2011) who stored orange concentrates for 6 months at 3°C and found that its turbidity decreased during storage.
Changes in viscosity
Viscosity is another important quality attribute of juices that influences the consumer's choice. Activity of some enzymes such as PME and polygalacturonase (PG) are effective in viscosity changes of juices (Aguiló-Aguayo et al. 2008) . The changes in viscosity of orange nectars are shown in Table 6 . The viscosity of fresh LSN and BS were 1.77 and 1.76, respectively showing that the viscosity of LSN was slightly higher than that of BS. The addition of 0.03 % pectin into LSN might be the reason for viscosity increment in low-calorie sample. Over storage period, this parameter was decreased Fig. 3 The content of phenolic compounds (ppm) in low-sugar nectar (LSN) and blank sample (BS) during storage Fig. 4 The turbidity measurement in low-sugar nectar (LSN) and blank sample (BS) during storage (about 10 %) as at higher temperature this reduction was greater. The existence of PMEs and dissociation of pectin during the storage is the reason for this viscosity reduction in orange nectar. Aguiló-Aguayo et al. (2008 also reported the viscosity of tomato and watermelon juices reduced after 77 and 56-day storage, respectively. It was attributed to the degradation of pectic substances by endogenous enzymes such as pectin methylesterase and polygalacturonase. Cao et al. (2012) discovered the viscosity of cloudy strawberry juice was decreased to 66.93 and 70.75 % after 6 months storage at 4 and 25°C,respectively.
Change in vitamin C
Ascorbic acid (vitamin C) is a natural antioxidant mainly present in fruits and vegetables (de Quirós et al. 2009 ). It is evident that the quality and nutritional value of any fruit juice as a source of vitamin C depends on its content and its rate of loss upon storage (Berlinet et al. 2006) . Juices with 50 % retention of their initial vitamin C could be considered as the end of their shelf life (Chia et al. 2012 ).
The storage time showed a significant effect on amount of ascorbic acid (Fig. 5) as storage prolonged, the vitamin C content of both orange nectars decreased. At refrigerated temperature, a reduction of 25 and 30 % was observed for LSN and BS, respectively. A greater vitamin loss (51 % for BS and 48 % for LSN) was recorded at ambient temperature. The degradation of Vitamin C during long term storage is due to dissolved oxygen. In addition, ascorbic acid loss might be because of the oxidative mechanism resulting from exposure to light, heat peroxides and enzymes such as ascorbate oxidase and peroxidase (Chia et al. 2012) . Moreover, Storage temperature, type of processing and packaging materials could affect on ascorbic acid degradation during storage (Chia et al. 2012) . The reduction rate of vitamin C in LSN was lower than that of BS which might be due to the protective effect of stevioside on ascorbic acid. Kroyer (1999) observed a protective effect of stevioside on the degradation of ascorbic acid resulted in a delayed degradation rate of vitamin C in the presence of stevioside. Values with different letters (capital letters in each column and minuscule letters in each row) represent significant difference at the confidence level of 99 % Fig. 5 The content of vitamin C (mg/100 ml) in low-sugar nectar (LSN) and blank sample (BS) during storage
Conclusions
Regarding viscosity and Brix as responses in response surface methodology (RSM), optimal levels of sugar, stevioside and pectin was achieved to produce low-calorie orange nectar. Without significant changes in viscosity and Brix, the optimum formulation contained 0.06 % stevioside and 0.03 % pectin and its sugar content reduced to 70 % compared to blank sample. Two-month storage at 4 and 25°C showed a significant effect on phenolic, ascorbic acid, sugar and stevioside content in low-calorie and blank samples. At the end of storage, turbidity, viscosity and the amount of sucrose, stevioside, and vitamin C decreased while glocuse, fructose and titratable acidity increased. At refrigerator, the reduction rate for stevioside was 5 % while a decrease of 18 % was observed at ambient temperature. Acidic pH of orange nectar might be the reason why stevioside was degraded at ambient temperature over storage. The vitamin C content in lowcalorie orange nactar was higher than that of blank sample which might be due to the protective effect of stevioside on ascorbic acid. However, findings revealed that the production of low-calorie orange nectar using stevioside could be industrially feasible and recommended to people who looking for dietetic foods.
